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YUAN Quan, LU Haiying, WANG Yi, LIU Yunxiao, YU Jiagin, TIAN Fengzhao, LI Yao 


[Abstract] Background The number of chronic obstructive pulmonary disease (COPD) patients in 
China is huge, and respiratory rehabilitation training, as an important part of the management of COPD patients in 
the stabilization period, can effectively improve their lung function and quality of life, as well as reduce the burden 
on their families and society. Current data from Europe and the United States have shown that the implementation of 
respiratory rehabilitation under telemedicine management can improve the lung function and QOL of patients, 
however, there is a lack of relevant practice in China, especially in the west. Objective To assess the impact of 
respiratory rehabilitation training via telemedicine management in combination with conventional therapy on 
improving ventilatory capacity and lung function in elderly patients with moderateto-severe COPD. Methods This 
study was a prospective randomized controlled study, enrolling consecutive COPD patients who attended the Fourth 
Hospital of Sichuan Province and five joint community clinics from June 2021 to June 2022. The included patients 
were randomly divided into the experimental group and control group by simple randomized grouping method using 
random number table. The control group received traditional long-term regular inhalation bronchodilator and oral 
medication, and the experimental group was guided by telemedicine on the basis of the treatment plan of the control 
group. A six-month study was conducted on two groups of patients, lung function, Borg score, 6MWT, and quality 
of life score (QOL score) were recorded at 1 month before and 1, 3, 6 months after intervention. Results The 
study subjects were divided into 72 cases in the control group and 73 cases in the experimental group, and there was 
no significant difference in gender, age and lung function at baseline [ the forced expiratory volume in one 
second/predicted value ratio (FEV,%pred ) , and the ratio of the forced expiratory volume in one second to the forced 
vital capacity (FEV;/FVC) ] between the two groups (P>0.05) . There was an interaction between time and group 
for dyspnea and mood in FEV; %pred, FEVi/FVC, 6MWT level and QOL score (P<0.05) . After 1, 3, and 6 months 
of intervention, FEV :%pred, FEV ı/FVC, 6MWT, Borg score, and QOL score of the experimental group were better 
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than those of the control group, and the difference was statistically significant (P<0.05) ; FEVi%pred, FEVi/FVC, 
Borg score, 6MWT, and QOL scores at 3 and 6 months post-intervention were better than those at 1 month post- 
intervention in the experimental group (P<0.05) .Conclusion The use of telemedicine technology for respiratory 
rehabilitation of elderly moderate-to-severe COPD patients in the stable stage can effectively improve the pulmonary 
function, quality of life and the quality of survival of this group of patients. 

{Key words] Pulmonary disease, chronic obstructive; Rehabilitation; Breathing exercises; Respiratory 


function tests; Telehealth 


Chronic Obstructive Pulmonary Disease (COPD) isa type of chronic illness that severely impacts the quality 
of life and overall health of affected patients! Epidemiological studies indicate that COPD is a common disease in 
most countries around the world, with a prevalence rate of 8%~10%!. According to relevant guidelines’, not only 
is medication necessary for alleviating the condition, but respiratory rehabilitation also plays a crucial role in the 
treatment of COPD"!. It has been proven to significantly improve the symptoms of COPD patients, enhance their 
exercise capacity, and uplift their quality of life=!, earning a strong recommendation from the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD)  guidelines!. 

However, in reality, the number of COPD patients who can long-term engage in respiratory rehabilitation is 
relatively low. Research shows that in the United States, less than 2% of hospitalized COPD patients underwent 
respiratory rehabilitation within 6 months'. According to a cross-sectional survey in China, the participation rate in 
respiratory rehabilitation among 1 138 COPD patients was only 24.69%!®!, The lack of respiratory rehabilitation 
resources, limited social welfare benefits, and a lack of understanding of this field by both medical staff and patients 
contribute to this low participation rate. Additionally, the difficulty for patients and healthcare providers to 
frequently travel between hospitals and patients’ homes means that patients rarely receive effective monitoring and 
guidance during the stable stages of their illness, leading to a low treatment adherence ratel ®, 

Recent studies from Europe and America have discovered that remote guidance for rehabilitation can effectively 
enhance treatment outcomes!!!-!2], However, it remains uncertain whether this mode of remote guidance can be 
replicated in Western China due to a lack of corroborative research. Hence, this study proposes the implementation 
of a novel remote medical management under the three-level diagnosis and treatment model to facilitate timely and 
effective supervision of respiratory rehabilitation for patients. This approach aims to overcome geographical and 


population barriers, reduce medical costs, increase patient adherence, and consequently elevate the participation rate 
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in respiratory rehabilitation. 

Considering the specific conditions of Western China, this study introduces a novel remote medical management 
system within the three-level diagnosis and treatment model. It encompasses a comprehensive, individualized 
respiratory rehabilitation operating model, including respiratory trainers, exercise rehabilitation, respiratory exercises, 
and providing targeted expectoration guidance, among others. These measures are aimed at assisting COPD patients 
in undergoing respiratory rehabilitation treatment and evaluating their clinical efficacy. 

1 Materials and Methods 
1.1 General Information 

This study is a prospective randomized controlled trial that consecutively included 145 elderly patients with 
stable COPD from June 2021 to June 2022. The patients were treated at the Respiratory and Critical Care Medicine 
outpatient clinic of the Fourth People’s Hospital of Sichuan Province and associated community hospitals (Lion 
Mountain, Jinguan Post, Chenglong, Wufu, and Sansheng Township communities) . Patients were divided into 
experimental and control groups using a simple random method.Inclusion Criteria: Diagnosis of COPD based on the 
2021 GOLD guidelines"*!; Stable condition assessment; Ages 65-80; Normal cognitive function; Informed consent 
given; Able to complete a 6-minute walk test (6MWT) ; Regular pulmonary function tests; Voluntary cooperation 
Exclusion Criteria: Severe cardiovascular diseases and/or hepatic or renal dysfunction; Severe cognitive or 
psychological impairments; Neuromuscular and musculoskeletal diseases 
1.2 Treatment Method 

Both groups continued with their long-term regular medication treatments before admission, including long- 
term inhaled bronchodilators, oral expectorants, xanthines, and montelukast. The experimental group, based on their 
three-minute exercise volume and endurance using respiratory trainers, received personalized respiratory 
rehabilitation plans. These plans included using respiratory trainers, exercise rehabilitation, respiratory exercises, and 
expectoration guidance under a novel three-tiered diagnostic remote respiratory rehabilitation operational model. 

Respiratory training equipment was produced by Guangzhou Tianxi Medical Technology Co., Ltd. (Medical 
Device Registration Number 20212081397) , as shown in figure 1. The rehabilitation doctors provided professional 
training for designated community rehabilitation doctors and periodically educated the COPD patients to ensure the 
effective use of the equipment. 

Remote Rehabilitation Mode Implementation and Follow-up: The patient's community hospital installed a 


remote consultation system and established a remote chronic disease management platform. The department's 
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rehabilitation physician technicians guided the community family doctors on the rehabilitation plan. The family was 


required to supervise and record the patient's rehabilitation treatment using the remote visual system daily. 


Figure 1 Breath training device 


1.3 Evaluation Indicators 

A six-month study was conducted on both patient groups. The patients’ pulmonary function, 6MWT, Borg score, 
and Quality of Life (QOL) score were recorded one month before and 1, 3, and 6 months after the intervention. 
The pulmonary function test was conducted by the same technician at the hospital's respiratory department using the 
same brand of remote pulmonary function meter. For community follow-up patients, a single technician in each 
community used the same brand of remote pulmonary function meter to check FEV, %pred, FEVi/FVC. 

Borg Score, QOL Score, 6MWT were evaluated by the same doctor. The Borg score comes from the first edition 
of "Respiratory Disease Terms" and is a common method for assessing the degree of respiratory difficulty. The QOL 
score scale is widely used in clinical trials, health surveys, and evaluations of medical intervention effects4“l, The 
6MWT set up a 30m wide flat path with scales. Participants needed to walk from one end of the path to the other, 
then return, continuing to walk back and forth. 

1.4 Statistical Analysis 
A database was established using Windows Excel software and processed using SPSS 17.0 statistical software. 


The grouped t-test was used for the comparison between two groups of measurement data that conformed to the 


normal distribution, represented by (x+s) . Repeated measures ANOVA was used for multi-timepoint observation 
data. The HF coefficient method corrected the sphericity of the data, and the LSD-t test was used for pairwise 
comparison between groups. The chi-square test test was used for the comparison of count data between groups, 
represented by relative numbers, and P<0.05 was considered statistically significant. 
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2 Results 
2.1 Baseline Data Comparison 

The experimental group consisted of 73 patients (44 males and 29 females) , and the control group included 
72 patients (41 males and 31 females) . There was no significant statistical difference between the two groups 


concerning gender, age, and lung function (FEV\%pred and FEV;/FVC)  (P>0.05) , as shown in table 1. 


Table 1 Comparison of baseline data between the two groups of patients 


Gender Age 


Grou 
E ( Male/Female ) ( Year ) 


Control group 


Experimental group 
t (7?) value 


Notes: FEV1% = 1st second forceful end-expiratory volume as a percentage of predicted value; FEV 1/F VC=ratio of expiratory end- 


expiratory volume in the first second to expiratory lung volume FVC; ê represents the 2 


2.2 Comparison of Pulmonary Function, Borg Score, and 6MWT 

A comparison of the comprehensive pulmonary function, Borg scores, and 6MWT levels before and after the 
intervention in both groups revealed a significant interaction effect of time and group on pulmonary function and 
6MWT levels (P<0.05) , but not on Borg scores (P>0.05) . There was a significant main effect of time on FEV1%, 
FEV,/FVC, Borg score, and 6MWT (P<0.05) . Additionally, a significant group effect was noted for FEVi%, 
FEV :/FVC, Borg score, and 6MWT (P<0.05) , as illustrated in tables 2 and 3. 

Before enrollment, there was no statistical difference between the two groups in pulmonary function, Borg score, 
and6MWT levels (P>0.05). However, significant differences were observed at 1, 3, and 6 months post-intervention 

(P<0.05) . In the experimental group, comparisons at 3 and 6 months post-intervention to 1 month showed 

significant differences in pulmonary function, Borg score, and 6MWT levels (P<0.05) , depicted in tables 2 and 
3. 
2.3 Changes in QOL Scores for Both Groups 
Comparisons of QOL scores in various dimensions before and after the comprehensive intervention for both groups 
demonstrated significant interaction effects for respiratory difficulty and emotion in the QOL (P<0.05) , but not for 


physical activity, household chores, and appetite (P>0.05) . A significant main effect of time was observed for 
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respiratory difficulty and emotion (P<0.05) , and a significant group effect for respiratory difficulty, physical 


activity, emotion, household chores, and appetite (P<0.05) . However, no significant time effect was noted for 


physical activity, household chores, and appetite (P>0.05) . 


Table 2 Comparison of pulmonary function test results between the two groups of patients before and at 1, 3, and 


6 months after intervention 


Group Before 
1 month later | 3 months later 


enrollment 


6 months later 


Before 


1 month later | 3 months later | 6 months later 


enrollment 


32.35412.12 | 35.68+12.00" | 39.44+11.40* | 40.30+12.25° 


Experime 
7 33.07411.13 | 34.22+10.81 | 34.89+411.41° 
ntal group 


Control 13 
2 


33.91+11.78 


59.27+16.05 | 66.57415.31* | 64.74416.18" | 67.20+14.85° 


56.31415.04 | 57.67414.67 | 57.96415.54° | 57.29415.78° 


HF coefficien= 1.005 


Holistic 

HF coefficien= 1.013 
analysis 
Fintergroup=19.406, Fiim=9.360, Fineraction=5.240 
Bars 


Pintergroup <0.001, Piim<0.001, Pinteraction=0.001 | 


Fintergroup=63 . 079, Frim=5 25 9, F interaction =2.833 


Pintergroup <0.001, Pim=0.001, Pinteraction=0.037 


Note: è indicates P<0.05 compared to the same time point in both groups, and > indicates P<0.05 compared to 1 month after the in- 


group intervention. 


Table 3 Comparison of pulmonary function test results between the two groups of patients before test and after 1, 


3, and 6 months intervention 


Borg score ( point ) 


6MWT (m) 


Group Before 1 month 3 months 6 months 


enrollment later later later 


Before 6 months 
1 month later | 3 months later 


enrollment later 


Control 4.1142.13 | 3.2441.89* | 3.1642.01° | 3.09+1.98° 


P AF coefficient= 1.003 
analysis 


13 
Experim 
ental 72 | 4.22+1.93 3.93+2.01 | 3.8941.88°> | 3.9641.97> 263.5+50.8 
group 


Holistic 


330.9+50.4° | 345.5+51.6° 


275.9+50.0° | 269.8+51.0° 


AF coefficien= 1.013 


263.1451.3 | 316.8+48.9* 


278.24+51.1 


Fintergroup=24.830, Fiim=7 406, Finteraction=2.146 


P intergroup <0.001, Prim<0.001, Pinteraction=0.093 


F intereroup=206.407, Fiim=45 .428, Finteraction=28.927 


Pintergroup <0.001, Priim<0.001, Pinteraction<0.001 


Note: * indicates P<0.05 compared to the same time point in both groups, and ° indicates P<0.05 compared to 


1 month after the in-group intervention. 
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Before enrollment, there was no significant difference between the two groups in any dimensions of the QOL 


scores (P>0.05) . After 1, 3, and 6 months of comprehensive intervention, all score comparisons on the COPD 


patients’ quality of life scale were statistically significant (P<0.05) . For the experimental group, comparisons of 


QOL scores in all dimensions at 3 and 6 months post-intervention to 1 month were significant (P<0.05) , as detailed 


in tables 4 and 5. 


Table 4 Comparison of QOL dyspnea, mobility scores at 1, 3, and 6 months between the two groups of patients 


Dyspnea Physical ability 


Group Before 1 month 3 months 6 months Before 1 month 3 months 6 months 


enrollment later later later enrollment later 


later later 


45.1+21.2 42.9+19.3 | 44.9+20.5° | 43.9+20.2* 


41.1+19.0 33.0422.1 32.0424.5 | 31.9+22.9> 46.0423.3 47.14+23.0 | 51.14+24.6> | 50.9+24.6° 


Holistic 
x HFeoefficien=0.980 HFcoefficien=1 .004 
analysis 
Fintergroup= 1 9.427, Frime=3.711 > Fimeraction=3.378 Fintergroup= 13 883, Fiime=1. 177, Fimeraction= 1.053 
a 


Note: * indicates P<0.05 compared to the same time point in both groups, and ° indicates P<0.05 compared to 1 
month after the in-group intervention. 


Experime 


Control 72 39.9417.3 39.0417.9% | 41.0419.1* | 38.9418.2? 
73 


ntal group 


Pintergroup <0.001, Prime=0.025, Pinteraction=0.035 Pintergroup <0.001, Pime=0 317 Pinteraction=0.368 


Table 5 Comparison of QOL mood, housework, and appetite scores at 1, 3, and 6 months between the two groups 


of patients 


Emotions Housework Appetite 


Before 3 months 6 months Before 


3 months 6 months Before 
enrollment later 


3 months 6 months 
1 month later 
later enrollment later 


later enrollment later later 


54.1421.3 56.0+20.1 51.1+28.3 51.9427.9 | 51.6+28.9 52.0429.1 | 53.0427.8 | 55.0+26.6 | 53.1+27.8 


Experimen 

0431.0 | 56.0430.9 | 5854334 | 60.3432.8 53.0429. 58.0427.5 
tal group 
Holistic 


; AF coeficien=1.016 AF coeficient=1.010 HF cocficient=0.996 
analysis 


F value Fintergro=46. 102, Fiine=1.783, Finecaction=4.645 


Pwe) P intergroup <0.001, P ‘imeS0.001, Pinteraction=0.003 | P intergroup=0.006, P ‘ime=0.287, Pinteraction=0.449 


Note: è indicates P<0.05 compared to the same time point in both groups, and ° indicates P<0.05 compared to 
1 month after the in-group intervention. 


Fintergroup=1.626, Fyime=1.259, Finteraction=0.885 Fintergro=1.305, Fime=1.449, Finteraction=0.718 


Fi intergroup=0.007, F, time=0.235, F interaction= 0.488 
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3 Discussion 

The clinical characteristics of COPD include irreversible airflow limitation in the lungs, high prevalence, 
common occurrence in the elderly, significant impact on daily life, and a high mortality rate!®!, Nearly 100 million 
people suffer from COPD in China!” Respiratory rehabilitation, an essential part of the management of stable COPD 
patients, effectively reduces dyspnea and asthma symptoms, increases exercise endurance, decreases the frequency 
of acute exacerbations, and lowers both medical costs and mortality rates°!. It has been discovered that combining 
traditional treatment with early respiratory rehabilitation yields more significant effects for stable COPD patients? 
al 

Respiratory rehabilitation can modify the patients’ breathing patterns, enhance the utilization of respiratory 
muscles, effectively strengthen pulmonary ventilation and gas exchange capacity, increase lung oxygen supply, boost 
circulatory muscle contraction ability, and improve exercise endurance], Hence, the development of remote 
respiratory rehabilitation, confirming the establishment of a system adapted to condition of China, is becoming a 
future research trend and task. Various policy measures, like family doctor contracting services, specialized chronic 
disease care, medical insurance support, and social welfare, can propel remote rehabilitation for chronic lung disease 
patients. Additionally, the utilization of wearable devices and 5G+ big data in the three-tier diagnosis and treatment 
system can ensure more accurate data transmission and analysis, assisting healthcare professionals in better assessing, 
supervising, treating, and communicating with stable patients in real-time, thus enhancing the effects of remote 
respiratory rehabilitation). 

This study focuses on lung function, 6MWT, Borg score, and QOL score. These evaluation indicators, 
originating from different dimensions, aim to measure the multidimensional impact of respiratory rehabilitation on 
COPD patients. Both the 6MWT and lung function can assess the improvement in lung function before and after 
respiratory rehabilitation in COPD patients. Borg and QOL scores can gauge the enhancement in symptoms and 
quality of life. In this study, these indicators were repeatedly measured and compared at 1, 3, and 6 months post- 
intervention. Under the comprehensive respiratory rehabilitation plan introduced through the three-tier diagnosis and 
treatment system, the experimental group showed superior scores at all three time points compared to the control 
group, indicating a certain efficacy. 

Previous medical models focused mainly on the acute treatment of COPD patients, but this is insufficient. This 
study has confirmed the multiple benefits of rehabilitation treatment during the stable stage of COPD. Some articles 


have suggested that there are various obstacles to the application of remote respiratory rehabilitation®*!. A survey 
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showed that many COPD patients refuse this treatment due to a lack of understanding of remote medicine, concerns 
about new technology, and fears2°l. These patients are primarily middle-aged and elderly, facing challenges like 
slowed finger operation, reduced flexibility, and impaired vision, hearing, and cognitive abilities”. 

In conclusion, this study aims to establish a comprehensive, three-tier, sustainable, and condition-specific COPD 
treatment plan, supported by video calls, portable medical equipment, and remote pulmonary function testing 
instruments, to create a closed loop involving tertiary hospitals, communities, and patients that is accurate, reliable, 
widely applicable, aligned with national conditions in China, and adjustable according to different disease states. 
Despite the limited sample size and unconsidered factors like patients' nutritional and living conditions, this study 
still provides valuable information for clinical doctors. To further explore these issues, future work will expand the 
sample size, improve the cooperation between medical institutions, and take the patients’ lifestyles and dietary habits 
into account. 
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